Abstract
Introduction

59
The sympathetic and parasympathetic efferent limbs of the autonomic nervous system (ANS) 60 regulate cardiovascular, respiratory, digestive, and endocrine homeostasis. While its peripheral 61 elements were characterized in the late nineteenth century (Saper, 2002) , its central circuits have Importantly, these cortical regions have reciprocal connections with brainstem pre-motor 70 autonomic neurons that ultimately project to and influence pre-ganglionic sympathetic and 71 parasympathetic outflow (Thayer and Lane, 2000) . Until recently, the majority of imaging studies that have investigated task-related activations 102 (whether they be cognitive, affective-emotional, or sensory-motor) and resting state data have 103 either omitted the measurement, or analysis, of autonomic variables or have mathematically 104 eliminated variation attributable to heart rate and respiration (Iacovella and Hasson, 2011 Modulated by baroreceptor reflex, non-baroreceptor reflex, and cortical input (Floras, 2009 ),
135
sympathetic nerve firing to skeletal muscle vasculature is entrained to the cardiac cycle, and thus, 136 for evaluation of its influence by temporal-and heart rate-independent mechanisms is expressed 137 as burst incidence (BI; bursts/100 cardiac cycles). Unlike the arterial baroreceptor reflex 138 modulation of heart rate, which is impaired in heart failure, hypertension, and healthy aging, the 139 baroreflex modulation of MSNA by blood pressure is preserved under these conditions (Floras, 140 2009; Seravalle et al., 2015) .
142
The purpose of this study was to utilize ICA to specifically extract the SN in middle-aged adults 143 to correlate individual differences in the strength of its intrinsic connectivity with directly 144 recorded sympathetic outflow. We hypothesized that MSNA burst incidence would correlate 145 positively with the strength of intrinsic connectivity within the SN. Our secondary objective was 146 to determine if obstructive sleep apnea (OSA) affected the strength of intrinsic connectivity or its 147 relationship with MSNA burst incidence. As internal controls, between group comparisons and 148 correlations with BI and the connectivity within the default mode and somatosensory networks 149 also were performed. 
Materials and Methods
153
2.1.Subjects
154
Recognizing that subjects with OSA would be more likely than not to exhibit high MSNA burst 155 incidence (Floras, 2015) , and seeking to ensure a range of inter-individual variability in resting
156
BI to compare with intrinsic SN connectivity, we initiated these experiments with the intent of 157 studying a similar proportion of male and female subjects with either a low or a high pre-test physiological recordings were acquired at the same time of day, 2-3 hrs after a similar light meal.
186
Subjects also were instructed to abstain from nicotine, alcohol, and caffeine for at least 12 hrs 187 before data acquisition. Before each test session subjects were instructed to void to minimize the 188 established effects of a distended bladder on sympathetic activity (Fagius and Karhuvaara, 1989 To ensure the specificity of our findings we also interrogated 2 additional independent 
Results
307
All but one subject completed the full protocol (one 38 yr old male, considered clinically not to 308 have OSA, did not undergo polysomnography). Participant characteristics, hemodynamic and 309 microneurographic values appear in Table 1 . Resting sympathetic BI ranged from 29-100 310 bursts/100 heart beats, confirming that our recruitment strategy fulfilled its objective of creating 311 a high degree of inter-individual variability. Moreover, there was, in this cohort, a significant 312 positive relationship between AHI and MSNA burst incidence (Figure 1 ).
314
With the exception of one subject with OSA, in whom the ESS on the night before as having no or mild OSA or as having moderate or severe OSA is also presented in Table 1 . In 321 the no or mild OSA subgroup, comprised of 17 subjects (6 female; 57 ± 4 yr (mean ± SE), the 322 AHI ranged between 1 and 10 events/hr. The AHI ranged between 15 and 84 events/hr in the 323 other 19 subjects (4 female; 58 ± 4 yr). As anticipated, those with OSA had higher average BI 324 (71±4 vs. 49±4 bursts/100 heart beats; p < 0.001). No subject with no or mild OSA was 325 prescribed medications (Table 2) . found to be significantly correlated with BI (see Table 3 
Discussion
393
The concept that efferent sympathetic discharge might relate to intrinsic, low frequency (<0.1 Moreover, there was, in this cohort, a significant positive relationship between the AHI and 399 MSNA burst incidence (Figure 1) . This, itself, is a novel observation.
401
The SN, first identified as a distinct resting state network by Seeley et al (2007) , was posited to 402 identify, from internal or extrapersonal stimuli, the most homeostatically relevant information. The IC has been implicated in gustatory, visceral sensory/motor, cardiovascular, ocular, 416 vestibular, memory, auditory, language processes (Augustine, 1996) , and in response to acute 
486
The cerebellum also exhibited increased connectivity. In experimental preparations, cerebellar and in contrast to much prior literature in which subjects were recruited for research purposes 548 only after OSA was identified by referral for diagnostic polysomnography on clinical grounds, 549 our OSA subjects were not sleepy (Table 1 ). In 5 of our self-reported healthy subjects, 550 polysomnography identified previously unrecognized moderate to severe OSA and 12 self-551 reported healthy control subjects were diagnosed with mild OSA (AHI > 5 but < 15 events/hr).
552
The common practice in previous investigations has been to label volunteers as healthy controls approximately 30% of our subjects were women. Finally, our principal findings were found to 564 be independent of the presence and severity of other commonly described indices of OSA 565 severity, and unrelated to resting state connectivity within default mode and sensory networks. In conclusion, this is the first study to utilize muscle sympathetic nerve activity to link autonomic 594 outflow with spontaneous cortical activity within the SN. In a cohort of subjects with a wide 
